Table SI1: Crystal field splitting of TbPd12 calculated by the REC model assuming the Russell-Saunders coupling, REC model using the full hamiltonian and phenomenological fit of the  m T product using the full hamiltonian.
Methodology: calculation of the decoherence times
We follow the methodology reported in Ref. 1. 1 The crystal field Hamiltonian was solved with SIMPRE. A minor modification allows introducing the magnetic field as a diagonal component in the Hamiltonian. From the energy level structure in the presence of this field, it is immediate to obtain Δ as the energy differences between the ground state and the first excited state. SIMPRE was further adapted to extract the expectation values of <J α > (with α=x,y,z) from the wave functions, using the Pauli matrices σ α .
Moreover, this specially crafted version of SIMPRE also takes the coordinates of the hydrogen atoms as input. Of course, there is an effectively infinite number of hydrogen nuclei in a crystal structure. A cutoff radius for the hydrogen nuclei to be included in our calculation is needed. We neglect every hydrogen nucleus, which on average, is expected to produce 1/100 th of the effect produced by the hydrogen nucleus closest to the metal. As the hyperfine interaction falls with the third power of the distance, this means the cutoff radius is a factor of (100) 1/3 farther away than the nearest hydrogen atom.
From the expectation values of <J x >,<J y >,<J z > and these coordinates, the dipolar magnetic field (H) felt by each nucleus and the hyperfine interaction energy (E) can be trivially calculated, for each of the two states of the qubit.
From the set of hyperfine interactions, we estimate the nuclear spin bath decoherence time using standard equations. 2 This estimate of decoherence depends on the sum of the energy differences, for each proton i between the two qubit states |0>, |1>. The decoherence time is then estimated as a function of the tunneling gap Δ and this energy sum (ω i = E 0 -E 1 );  = /((  i ) 2 ).
Wave functions, expected values of J z for ground and excited states, and  n at two different field/compressions  0.85% compression and an applied field of 0.35 T | 0 > = 20%|-8> + 68%|-4> + 9%|+4> + 2.4%|+8> | 1 > = 2.6%|-8> + 8.7%|-4> + 68.7%|+4> + 20%|+8> <J z0 > = -3.78 <J z1 > = 3.76  n = 1.84·10 -3 s  0.78% compression and an applied field of 0.39 T | 0 > = 20%|-8> + 69.7%|-4> + 7.4%|+4> + 2%|+8> | 1 > = 28.2%|-6> + 24.4%|-2> + 22%|+2> + 24.2%|+6> <J z0 > = -3.94 <J z1 > = 0.33  n = 7.48·10 -3 s
